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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to the remote control of 
lighting fixtures, and more particularly relates to a sys- 
tem for the selective control of overhead lighting fixtures 
by a hand-held infrared radiation source. 

BACKGROUND OF THE INVENTION 

[0002] The lighting of spaces by a plurality of spaced 
gas discharge lamps (for example, fluorescent lamps), 
or incandescent lamps is well known. Commonly, one 
or more fluorescent lamps are mounted in a fixture with 
a ballast, and such fixtures are spaced over a ceiling on 
four foot or eight foot centers. Similarly, overhead fix- 
tures for Incandescent lamps may be mounted on cent- 
ers greater than about two feet. Such lamp fixtures are 
commonly connected to a single power source and are 
simultaneously tumed on and off or, if provided with dim- 
ming capability, are simultaneously dimmed. 
[0003] It is also known that such overhead fixtures can 
be individually controlled or dimmed. For example, in a 
given office space, one worker may prefer or need more 
or less light intensity than another worker at a spaced 
work area. Dimming systems are known for selectively 
dimming the lamps of different fixtures to suit the needs 
of individual workers. For example, each fixture can be 
individually hard wired to its own remotely mounted dim- 
mer. However, the installation of this wiring can be quite 
costly and the detemrtination of which dimmer controls 
which fixture may not be immediately obvious to the user 
of the system. 

[0004] Alternatively the dimmers could be located 
within each fixture and controlled by signals sent over 
low voltage wiring or through signals transmitted over 
the line voltage wiring through a power line carrier sys- 
tem. Unfortunately, both of these approaches require 
expensive interfaces within each fixture to translate and/ 
or decode the received signals for control of the dimmer. 
[0005] In another known system, a dimmer with a dim- 
ming adjustment control is provided at each fixture, and 
that control is manually operated, for example by rotat- 
ing the control with a rigid pole long enough to reach the 
fixture. In this way, each fixture can be selectively ad* 
justed. However, the system is inconvenient to use and, 
once the fixture intensity is set, it is difficult or inconven- 
ient to readjust. Moreover, it is difficult to retrofit an ex- 
isting installation with a control system of this nature. 
[0006] A known fluorescent controller system is also 
sold by Colortran Inc. of Burbank, CA, termed a "sector 
fluorescent controller" in which an infrared receiver is 
mounted at a location spaced from its respective fluo- 
rescent lamp fixture. Thus, the receiver is fixed to a T- 
bar, on the wall, on a louver or is counter-sunk flush with 
wall or ceiling. A ballast controller may be mounted in 
the lighting fixture, in addition to a conventional dimming 



ballast. Wiring is then run from the external infrared re- 
ceiver Into the interior of the fixture to the ballast con- 
troller. A hand-held remote control infrared transmitter 
illuminates the infrared receiver at one or more fixtures 
5 to control their dimming level. 

[0007] The need to run wiring from the external sensor 
complicates the installation of such devices. Further, 
since the sensor Is spaced from the fixture, it requires 
separate installation, and is visible to view. Moreover, 
10 the Infrared transmitter of the Colortran device has a 
transmitting angle of 30°. Therefore, several receivers 
can be illuminated simultaneously, making selection of 
control of only one fixture difficult unless the user places 
himself in a precise location within the room under the 
15 fixture to be controlled. 

[0008] A similar system is sold by the Silvertown 
Hitech Corporation, where the infrared receiver is 
mounted to the louvers of a fluorescent fixture. In this 
system, the infrared receiver is specifically adapted to 
be mounted to a specific fluorescent fixture. 
[0009] A further system is sold by Matsushita wherein 
a single transmitter can be used for independent control 
of two or more different receivers. This is achieved by 
adjusting a switch on the transmitter to correspond to a 
switch setting which has been previously set at the re- 
ceiver corresponding to the fixture desired to be control- 
led. For example, fixture A could be controlled when the 
switch is in position 1 and fixture B could be controlled 
when the switch is in position 2. In this system, the user 
must remember which fixture corresponds to which 
switch position, i.e., A corresponds to 1 and B corre- 
sponds to 2. 

[001 0] It Is easy for the user to forget and become con- 
fused, particulariy when there are three or four fixtures 
controlled by three or four switch positions. This is an 
undesirable situation. Further, there is a practical limita- 
tion on the number of switch positions which can be pro- 
vided and the number of fixtures in a large room will ex- 
ceed this. Additionally, there is a great deal of work in 
programming and reprogramming the receivers for a 
large number, for example, 20 fixtures. 
[001 1 ] In comparison, as will be described in more de- 
tail later, with the system of the invention, the transmitter 
is simply pointed at the receiver in the fixture which it is 
desired to control. This is simple, unambiguous and 
transparently ergonomlc. Further, it does not require any 
preprogramming or reprogramming of the receivers. 
[0012] It is also known to use an infrared transmitter 
for the control of a wall box mounted dimmer, such as 
the "Grafik Eye" Preset Dimming Control sold by Lutron 
Electronics Co., Inc., the assignee of the present inven- 
tion. Also see U.S. Patent 5,191,265 which describes 
such transmitters. The Grafik Eye Dimmer Control sys- 
tem provides remote control of fixtures and other lamps 
by a control circuit located at the wall box which controls 
those fixtures and lamps. An infrared transmitter aimed 
at the wall box housing produces a beam which contains 
inf onmation to tum on and off and to set the light dimming 
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level of the fixtures being controlled to one of a plurality 
of preset levels, or to continuously increase or decrease 
the light level. Other similar systems are sold by Lutron 
Electronics Co., Inc. under the trademark RanaX-Wire- 
less Dimming Control System. Such systems are not in- 5 
tended to control Individual ceiling fixtures in a room in- 
dependently of other closely spaced fixtures (those fix- 
tures spaced up to about two feet apart). 
[0013] The present invention relates to a light dim- 
ming system in accordance with the pre-characterizing io 
part of claim 1 . A corresponding system is known from 
EP-A-482 690 describing a plurality of illumination units 
each of which can be set at varions light output levels. 
Each of said illumination units comprising a program- 
mable controller for adjusting its light output level to a 15 
level associated with a selected one of said different il- 
lumination modes, the programmable controller being 
provided with an identification address, wherein the sys- 
tem comprises a programming device for transmitting 
programming signals to the programmable controller of 20 
said illumination units for storing in a memory of said 
controller predetermined light output levels associated 
with illumination modes. 

[0014] From DE-A-4 124 794 an illumination system 
is known wherein a dimming device is provided using 25 
wireless transmission of control signals to receiver 
means mounted within or at the housing of each lamp. 
[0015] It is an object of the present invention to pro- 
vide an effective light dimming system with a plurality of 
lighting fixtures which can be simply and individually 30 
controlled by a single transmitter only. This object is 
achieved by the features of the characterizing portion of 
claim 1 . 

[001 6] Further developments are specified in the sub- 
claims. 35 

BRIEF SUMMARY OF THE INVENTION 

[0017] In accordance with the present invention, each 
fixture to be controlled has a radiation receiver and bal- 40 
last control circuit mounted in the interior of the fixture 
housing and is wired internally of the fixture housing to 
a dimming ballast in the case of a fluorescent fixture. In 
the case of an incandescent fixture, each light to be con- 
trolled has a radiation receiver and dimmer, which is 
connected to the lamp to be controlled. A small opening 
in the fixture housing allows optical communication with 
the radiation receiver and is easily illuminated from sub- 
stantially any location in the room containing the fix- 
tures. A narrow beam radiation transmitter with a beam so 
angle, for example, of about 8* is employed to illuminate 
the radiation-receiving opening in the fixture without il- 
luminating the fixtures spaced greater than about two 
feet from the fixture to be controlled. For rooms about 
thirty feet by thirty feet in area and ten feet high, fixtures ss 
two feet apart can be easily discriminated between one 
another. For larger spaces, the user can reposition him- 
self to discriminate between closely spaced fixtures. 



[0018] The receiver is a novel structure consisting of 
a printed circuit board mounted across a central area of 
a typical back box. A radiation sensor is mounted on the 
printed circuit board and faces an open side of the box 
which is covered by a yoke. The radiation employed is 
preferably infrared light and the yoke has an optically 
transparent portion to allow infrared radiation to reach 
the radiation sensor. Narrowly focused, high frequency 
ultrasound could also be employed. 
[0019] In addition, either a visible or invisible laser 
beam with infonmatlon encoded on it In known manner 
could be used, with the laser beam being spread by op- 
tical means such as a divergent lens. In the case of a 
visible beam, this would produce a beam like a flashlight 
which would aid in pointing the transmitter at the receiv- 
er. 

[0020] Finally, narrowly focused radio frequency 
waves could be used. These could be emitted from a 
parabolic reflector on thetransmitterwith a parabolic re- 
flector of approximately 4.3 cm in diameter and a fre- 
quency of 60 GHz the beam spread would be approxi- 
mately 8**. (50 GHz = 0.6cm wavelength X). The angle 
(0) in radians of a beam leaving a parabola of diameter 
d is given by 0 = )J6). 

[0021 1 To install the receiver structure, a novel mount- 
ing structure is provided whereby a plastic hook and 
loop type fastener surface is fixed to the yoke and a co- 
operating hook and loop type surface is attached to the 
interior of the fixture, preferably on the wire way cover 
within the fixture. All wires can then be interconnected 
within the fixture wire-way An opening is formed in the 
wire-way cover of the fixture and optically communi- 
cates with the radiation receiver within the receiver 
housing. The receiver housing is easily located within 
the housing to communicate with the opening in the 
wire-way cover and is then pressed in place. An optical 
lens insert can be installed in the yoke to assist in fo- 
cusing input radiation on the radiation receiver sensing 
element. This lens insert can be interchangeable and 
different lens inserts can be designed to have different 
angles of acceptance of input radiation. The angle of ac- 
ceptance of input radiation can be further adjusted by 
varying the distance from the yoke to the radiation sen- 
sor 

[0022] The lens protrudes slightly through an opening 
in the fixture housing to receive Infrared radiation from 
the transmitter. The transmitter is preferably an infrared 
transmitter of the type employed In the Lutron Graf Ik Eye 
system transmitter previously identified for use with wall 
box dimmer systems. The Grafik Eye transmitter is an 
infrared transmitter which transmits signals with twelve 
different code combinations. The transmitter is operable 
to transmit a beam angle of about 8** and can, therefore, 
selectively illuminate relatively closely spaced celling 
fixtures. Depending on the control which is activated, a 
selected fixture can be dimmed to one of a plurality of 
preset dim conditions, or can be dimmed continuously 
up or down. Thus, the transmitter can accomplish raise/ 
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lower, presets, low/high end trim and the like. Alterna- 
tively, a transmitter with a movable slide or rotary actu- 
ator could be used to provide continuous dimming con- 
trol. 

[0023] The present invention has a major advantage 
in retrofitting an existing installation. Thus, it Is only nec- 
essary to drill a small opening in the wire-way cover, 
mount an infrared receiver/ballast controller to the wire- 
way cover In line with the opening within the wire-way 
cover Light dimming ballasts are then mounted within 
the fixture wire-way and are interconnected with the re- 
ceiver/ballast controller within the fixture wire-way with- 
out need for external wiring. The wire-way cover with 
receiver/ballast controller attached is then reinstalled in 
the fixture. 

[0024] The present invention can be used with a large 
variety of existing fixtures and can also be used with ex- 
ternal switches and dimming circuits. Photocells, occu- 
pancy sensors, time clocks, central relay panels and 
other inputs can also be used with the novel system. 
Furthermore, the present invention makes it possible for 
a single receiver to operate any desired number of bal- 
lasts. 

[0025] The invention's primary application is in large 
open plan office areas Illuminated by overhead fluores- 
cent fixtures, particularly where video display units (e. 
g., personal computers) are used. However, the inven- 
tion also has applications in areas which are used for 
audio visual presentations, in hospitals and elder care 
facilities, in manufacturing areas and in control rooms. 
[0026] The invention can be used to control security 
lighting either indoor or outdoor and to reduce lighting 
levels for energy conservation. 
[0027] A further application of the invention is in wet 
or damp locations where nornial wall controls cannot be 
used due to the danger of electric shock or in areas with 
hazardous atmospheres where there is a danger of ex- 
plosion if a line voltage wall control is operated and 
causes a spark. In these cases, the receiver of the in- 
vention can be located in a protected fixture and the 
lights controlled by the low voltage hand-held remote 
control transmitter 

[0026] The invention has been described with respect 
to the control of light levels. However, the output from 
the receiver could be adapted in known manner to con- 
trol motor speed and/or position such as the position of 
the motors in window shade control systems. The output 
from the receiver could further be adapted to co ntrol oth- 
er types of actuators such as solenoids. 
[0029] Other features and advantages of the present 
Invention will become apparent from the following de- 
scription of the invention which refers to the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] Figure 1 Is a block diagram of the lighting fix- 
ture adapted with a radiation receiver/ballast control cir- 



cuit in accordance with the Invention and with remote 
radiation transmitters. 

[0031 ] Figure 2 is an elevational view of the receiver/ 
ballast control circuit housing of the present invention. 
5 [0032] Figure 3 is, in part, a cross-section of Figure 2 
taken along the section line 3-3 In Figure 2 and also 
shows the plastic yoke, fixture rear surface and wire- 
way cover, and a hook and loop type fastener in explod- 
ed view. 

10 [0033] Figure 4 is a bottom view of the receiver/ballast 
control circuit housing of Figures 2 and 3. 
[0034] Figure 5 shows a cross-sectional view of the 
wire-way cover with a snap-in wide-angle infrared trans- 
parent lens in place in the receiver/ballast control circuit 

15 housing. 

[0035] Figure 6 Is a partial cross>sectional view show- 
ing the receiver/ballast control circuit of Figure 3 with 
the lens of Figure 5 located within the wire-way of the 
fixture, and connected Internally of the fixture to the dlm- 
20 ming ballast leads. 

[0036] Figure 7 Is a view of the bottom or light output 
side of a fluorescent light fixture with prismatic lens 
which contains the novel Infrared receiver of the inven- 
tion. 

25 [0037] Figure 8 is a cross-section of Figure 7, taken 
across the section line 8-8 in Figure 7. 
[0038] Figure 9 is a cross-section of a fixture like that 
of Figure 8 but with a louver instead of a prismatic lens. 
[0039] Figure 10 is a schematic cross-section of a 
30 compact fluorescent down-light fixture equipped with 
the receiver/ballast control circuit of the invention. 
[0040] Figure 11 is a schematic cross-section like that 
of Figure 1 0 of a modified compact down-light fixture al- 
so containing the receiver/ballast control circuit of the 
35 invention. 

[0041 ] Figure 1 2 schematically shows the application 
of the novel invention to an incandescent canopy fixture. 
[0042] Figure 1 3 Is a block diagram of the present in- 
vention and shows the connection of auxiliary sensors 
40 and controls which allow dimming and on/off control 
functions. 

[0043] Figures 13a to 13h schematically illustrate 
some subcombinations which can be used with the in- 
vention. 

45 [0044] Figure 14 is a diagram showing four spaced 
fixtures on a ceiling with the outline or "footprint" of the 
radiation from a transmitter with an 8** beam at two dif- 
ferent locations in the room containing the fixtures. 
[0045] Figure 15 is a circuit diagram of the receiver 
50 circuit/ballast control circuit, EEPROM, and power sup- 
ply of Figure 1 . 

[0046] Figure 1 6 is a flow diagram of the program in- 
stalled In the microprocessor of Figure 15. 
[0047] Figure 17 is a circuit diagram of an external 
55 dimmer input to the dimming ballast of Figure 13, along 
with the remote transmitter input in which the external 
control signal varies from 0 to 1 0 volts. 
[0048] Figure 1 8 is a modified flow diagram for a sys- 
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tern of Figures 15 and 17. 

[0049] Figure 19 is a circuit diagram of an external 
dimmer which produces "raise" and "lower" signals 
which can be applied to the system of Figure 15. 
[0050] Figure 20 is a modified flow diagram for a sys- 
tem of Figures 15 and 19. 

[0051] Figure 21 shows a circuit diagram of an exter- 
nal dimmer which produces a phase delayed control cir- 
cuit which can be applied to the system of Figure 15. 
[0052] Figure 22 is a modified flow diagram for a sys- 
tem of Figures 15 and 21 . 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0053] Referring first to Figure 1 , there is shown a 
block diagram of the novel system of the Invention in 
which a single radiation receiver/ballast control circuit 
20 contains a circuit consisting of a power supply 21 , an 
infrared signal receiver 22, an EEPROM circuit 23, a mi- 
croprocessor 24 and a dimmer circuit 25 which includes 
an appropriate semiconductor power switching device. 
[0054] While receiver 22 could respond to any desired 
narrow band radiation, it is preferably a receiver of radi- 
ation in the infrared band. 

[0055] Radiation receiver/ballast control circuit 20 is 
mounted within a lighting fixture 30 as will be later de- 
scribed in more detail. Fixture 30 also contains a dim- 
ming ballast 31 of known variety which can energize one 
or more gas discharge lamps, such as 32-watt fluores- 
cent lamps, in a controlled manner. Ballast 31 may be 
a dimming ballast known as the "Hl-Lume" ballast or the 
"ECO-10" ballast, each sold by Lutron Electronics Co., 
Inc., the assignee of. the present invention. 
[0056] Ballast 31 typically has three input leads taken 
from radiation receiver/ballast control circuit 20, includ- 
ing lead SH (switched hot), lead DH (dim hot) and N 
(neutral). Input leads SH (switched hot) and N (neutral) 
are connected to receiver/ballast control circuit 20. Sig- 
nificantly, since receiver/ballast control circuit 20 and 
ballast 31 are both within fixture 30, all wiring intercon- 
nections between the two are also within the fixture. 
[0057] In order to control the dim level of the fixture of 
Figure 1 , an infrared transmitter of known variety is em- 
ployed. Thus, two kinds of transmitters are shown in Fig- 
ure 1 . The first is transmitter 40 which is a known type 
of raise/lower transmitter. Transmitter 40 is a small 
hand-held unit which has an "up" control button 41 and 
a down control button 42. Pressing either of these but- 
tons 41 or 42 will cause the generation of a nan-owly 
focused coded beam of infrared radiation 43 (with an 8** 
beam angle) which can illuminate the photosensor in re- 
ceiver 22 to cause the lamps controlled by ballast to in- 
crease or decrease, respectively, their output light. 
[0058] As will be later seen, a plurality of fixtures 30 
in a single room can be individually controlled by a single 
transmitter 40 from almost any location in most rooms. 
[0059] A more elaborate transmitter 50 may be used 
in place of transmitter 40. Thus, transmitter 50 is of the 
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type sold by Lutron for the remote control of wall mount- 
ed dimmer controls sold under the trademark, Grafik 
Eye. The transmitter 50 has an up/down control 51 and 
a plurality of push buttons 52 which correspond to, and 
s place the ballast 31 in one of a plurality of preset dimmer 
conditions. Its operation Is described In U.S. Patent 
5,191,265. 

[0060] As will later be described, either of the trans- 
mitters 40 or 50 may also be used to calibrate the dim 

10 settings of the lamps being controlled in the manner de- 
scribed in U.S. Patent 5,191 ,265. When using the trans- 
mitter 50, low end calibration and other parameter cali- 
brations can be accomplished by pressing combinations 
of preset buttons 52 to send out appropriately coded sig- 

15 nals. 

[0061 ] The structure of radiation receiver/ballast con- 
trol circuit 20 of Figure 1 is shown in Figures 2, 3 and 4. 
Referring to these figures, the radiation receiver/ballast 
control circuit 20 is housed in a conventional plastic back 

20 box 60 which has projecting mounting ears 61 and 62. 
A circuit board 63 is mounted to yoke plate 70 on con- 
ventional snap-in posts 64 and 65 (Figure 3). Circuit 
board 63 carries infrared sensor 22, and also carries in- 
tegrated circuits including the power supply 21 , micro- 

25 processor 24 and EEPROM 23 and, in some cases, a 
power semiconductor 25 (not shown in Figure 3). Leads 
SH, DH and N extend through an opening 66 in the 
housing 60. 

[0062] The side of housing 60 is ordinarily closed by 

30 a metal yoke. In accordance with the present invention, 
the yoke plate 70 is f omned of plastic and has a hole 71 
cut in it which is transparent to the infrared or other ra- 
diation which is used. Thus, as shown in Figure 4, the 
sensor 22 can be illuminated through plate 70. 

35 [0063] In order to mount the housing 60 within a light- 
ing fixture, a novel hook and loop tape (sold under the 
trademark Velcro) mounting system is used. Thus, Vel- 
cro tape, supplied in reel fomn, has two cooperating 
tapes releasably fastened together with a pressure-sen- 

40 sitive adhesive on their outer surfaces. The adhesive 
surfaces are covered by release strips. Two lengths 75 
of such tape are cut to fit over portions of yoke 70 as 
shown best in Figure 4. The release strips are removed 
from upper Velcro strips 76 and the Velcro strips are ad- 

45 hered to the bottom of yoke 70. When the housing 60 is 
to be mounted, the release strip on the bottoms of tape 
strips 77 are removed (Figure 3). The housing 60 is then 
positioned so that the light sensor 22 is disposed above 
the radiation receiving opening 80 (Figure 3) In wire-way 

50 cover 79. The lower strip is then pressed into contact 
with the rear interior surface of the lighting fixture wire- 
way cover 79 (Figure 3). 

[0064] Preferably, and as shown in Figure 5, a snap- 
in infrared lens 81 Is snapped Into opening 71 . Lens. 81 
55 can be designed to have any desired angle of accept- 
ance of incident radiation, and hence different lenses 
may be used to suit the requirements of a particular ap- 
plication. Thus, lens 81 has a fresnel lens 82 on its outer 
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surface so that Infrared radiation coming toward lens 81 
from even very shallow angles to the celling surface will 
be refracted along its axis and toward sensor 22, 
through hole 71 in yoke 70. 

[0065] While the drawings show the lens 81 lined up 
directly with sensor 22, It Is possible to employ a light 
conducting fiber to convey sensed radiation to the sen- 
sor 22, which may then be laterally removed from lens 
81. 

[0066] Lens 81 can be designed to have any desired 
angle of acceptance for incident radiation and hence dif- 
ferent lenses may be used to suit the requirements at a 
particular application. 

[0067] Figure 6 shows receiver housing 60 fixed in po- 
sition between the fixture rear surface 78 and wire-way 
cover 79 as previously described. Figure 6 also shows 
the dimming ballast 90 which is also fixed to fixture sur- 
face 78 in any suitable manner. Ballast 90, which may 
replace a non-dimming ballast in a retrofit installation, 
has three input leads SH, OH and N which are conven- 
iently connected to corresponding leads from radiation 
receiver/ballast control circuit 20 within the fixture inte- 
rior. Output ballast leads 91 are connected to the lamps. 
[0068] Ballast 90 can be any desired dimmer ballast, 
for example, the Lutron® Hi-Lume® ballast. 
[0069] During the retrofitting operation, the installer 
need only drill the small hole 80 in the wire-way cover 
79. The ballast 90 and radiation receiver/ballast control 
circuit 20 are then easily installed and wired together 
and the wire-way cover is reinstalled with lens 81 
aligned to the position of hole 80 in wire-way cover 79. 
Thus, retrofitting is easily done in a short time. 
[0070] Figures 7 and 8 show a conventional fluores- 
cent light fixture 100 with a prismatic lens cover 101 . A 
typical fixture of this type will be two feet wide and four 
feet long and will contain four 32-watt fluorescent bulbs 
102, 103, 104 and 105. All wiring and the ballast 90 for 
the lamps is contained behind wire-way cover 79 which 
may be bolted or otherwise fastened to the fixture rear 
78. Ballast 90 and radiation receiver/ballast control cir- 
cuit 20 are contained within the fixture so that wiring con- 
necting the two is not exterior of the fixture. Moreover, 
only the small lens protrusion 82 Is visible outside the 
fixture. 

[0071] The invention can be applied to many other 
types of fixtures. For example, Figure 9 shows a fluo- 
rescent light fixture with a louver 1 1 0 in place of the pris- 
matic lens 101 of Figure 8. The fixture of Figure 9 has 
two wire-way covers 111 and 112 for three lamps 113, 
114 and 115. The ballast (not shown) and the radiation 
receiver/ballast control circuit 20 are mounted within 
cover 111 and a lens 81 with lens protrusion 82 projects 
into cover 1 1 1 . The radiation receiver/ballast control cir- 
cuit 20 is preferably mounted on one of the sloped sides 
of cover 1 1 1 if louvre 1 1 0 blocks the bottom of cover 111. 
[0072] Figure 10 shows the manner in which the in- 
vention is applied to a compact fluorescent down-light 
fixture housing 120. Thus, a compact fluorescent lamp 
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121 Is contained within reflector 1 22. A dimming ballast 
123 is fixed to the exterior of housing 120 and its input 
wires 124 (SH, DH and N leads) are connected to relat- 
ed output wires 125 of radiation receiver/ballast control 

5 circuit 20. Radiation receiver/ballast control circuit 20 is 
mounted internally of fixture housing 120 as desired and 
lens 81 with lens protrusion 82 protrudes through an 
opening in housing 1 20 to be exposed to infrared signal 
illumination. The wiring connections between radiation 

10 receiver/ballast control circuit 20 and ballast 123 are 
made within the interior of housing 120. The output wir- 
ing 126 from ballast 123 to lamps 121 is also contained 
within the interior of housing 120. All input power lines 
(Switched Hot and Neutral) 127 come into housing 120 

15 through wiring conduit 1 28. Thus, as in the prior embod- 
iments, an unobtrusive infrared sensor is fixed to or ret- 
rofitted into an existing fixture 1 20 and all wiring connec- 
tions are kept within the interior of housing 120. 
[0073] Figure 11 shows another type of fixture for 

20 compact fluorescent lamp 121 . Thus, the housing 130 
Is a cone which is suitably mounted flush with a ceiling 
1 31 . A wiring box 1 32 is fixed to cone 1 30 and a dimming 
ballast 133 and radiation receiver/ballast control circuit 
20 are mounted on opposite sides of box 132 and are 

25 interconnected within the box 132. Input power Is 
brought into the fixture via metal conduit 137 and the 
output lines to lamp 121 are contained within conduit 
134. Since this structure physically removes radiation 
receiver/ballast control circuit 20 from the area of ceiling 

30 1 31 , a light pipe 1 35 leads to lens 81 with lens protrusion 
82 which is snap-mounted into the ceiling tile 131 . 
[0074] The present invention can also be applied to 
incandescent lamp ceiling fixtures, as shown in Figure 
12. Thus, in Figure 12, an incandescent canopy fixture 

35 1 40 includes a wiring box 1 41 fixed to ceiling 1 42. A sup- 
port plate 143 extends across box 141 and receives a 
hollow threaded screw 144 which supports a lamp hold- 
er 145 from chain 1 46. In accordance with the invention, 
a radiation receiver/dimmer housing 15 having a tens 

40 81 with protrusion 82 external of housing 140 is mounted 
within the housing. Power wiring from box 141 is con- 
nected to radiation receiver/dimmer 15 which contains 
a power semiconductor dimmer which is controlled by 
Infrared signals received through lens 81 . Output wiring 

45 from radiation receiver/dimmer 1 5, Including the dim hot 
and neutral wires, extends through the center of screw 
144 to the incandescent lamp or lamps in holder 1 45. 
[0075] It will be apparent that incandescent lamp fix- 
tures distributed over the surface of a ceiling can be 

50 adapted as shown and described in Figure 1 2 to be se- 
lectively dimmed to suit individual users in different lo- 
cations in the room. Moreover, such lamps can be 
mounted on centers greater than about two feet and still 
be discriminated from one another by an infrared trans- 

55 mitter having a beam dispersion of about 8**. It will also 
be apparent that the novel receiver of the invention can 
also be used on wall sconces and lamp cords and the 
like, as well as recessed incandescent downlights sim- 
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ilar In design to those of Figures 10 and 11 but designed 
for use with incandescent rather than fluorescent lamps. 
[0076] Further the invention can be applied to track 
lighting fixtures where the receiver/dimmer is built into 
an adaptor which mounts to the track and the fixture to 
be controlled is nnounted to the adaptor. 
[0077] A single receiver can control a plurality of bal- 
lasts which are in spaced fixtures. Fixtures equipped 
with the receiver of the invention can be used with added 
inputs, such as photocell detectors for adjusting lamp 
intensity in accordance with ambient light. Furthermore, 
the novel receiver can also be used with external dim- 
ming controls in which dimming of lamps can be accom- 
plished under the control of an infrared transmitter, an 
occupancy detector, or a manual control or timer or the 
tike. 

[0078] Figure 13 is a block diagram of the system of 
the invention having these various controls. Thus, in Fig- 
ure 1 3, radiation receiver housing 60 has face 82 of lens 
81 exposed through an opening in cover 79. Radiation 
receiver housing 60 Is suitably coupled to the dimmer 
control circuit 20 which controls the power which is ap- 
plied to ballast 31 and the lamps driven by the ballast. 
[0079] A number of inputs are shown for controlling 
the dimmer control circuit. 

[0080] The first is the remote infrared transmitter 40 
or 50 previously described. 

[0081] The dimmer circuit 20 may also be controlled 
by external dimmer 300 which may be a conventional 
device arranged to control selective ones or groups of 
fixtures. Dimmer 300 may set the maximum light level 
of the lamp output or the minimum light level of the lamp 
output. It may also override the Internal dimmer control 
circuit 20 to set the lamp output. In this case, the last 
operated of the external dimmer 300 or radiation trans- 
mitter 40/50 will detennine lamp output. 
[0082] The output signal of the external dimmer 300 
can take many fomns which are known in the prior art. 
For example, the signal can have the fonm of a phase 
controlled signal, a variable voltage signal or a raise/ 
lower signal. 

[0083] The output signal of the external dimmer 300 
can be varied in response to numerous conditions. For 
example, it can be controlled manually, as by an external 
manual control 301 which can turn lamps on and off, and 
adjust their level or select from pre-set levels. Another 
input may consist of photosensor 302 which controls the 
dimmer output as a function of exterior ambient light. A 
conventional occupancy sensor 303, time clock 304, or 
central relay station control 35 can also be employed to 
override and turn the lamps on or off or adjust the light 
level as required. These devices are shown as control- 
ling extemal dimmer 300, However, they could control 
dimmer control circuit 20 directly. 
[0084] The output of external dimmer 300 or external 
inputs 301 , 302, 303, 304 and 305 when controlling dim- 
mer control circuit 20 directly can be connected to dim- 
mer control circuit 20 by wiring (either high or low volt- 
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age), by power line carrier, by radio frequency signals, 
by use of a telephone interface or through any other suit- 
able means. 

[0085] Figures 13a to 13h illustrate in schematic fash- 
5 ion some of the possible arrangements depicted in Fig- 
ure 13. 

[0086] Thus, Figure 13a illustrates a remote infrared 
transmitter 40/50 which can dim stand-alone single fix- 
ture 700 which is equipped with a dimming ballast and 
10 radiation receiver (not shown). Fixture 700 could be re- 
placed by any other controllable electrical appliance. Of 
course, a plurality of spaced fixtures could be dimmed 
from a common transmitter, or they could be selectively 
dimmed. 

15 [0087] Figure 13b shows the system of Figure 13a in 
which a wall mounted dimmer 701 is added, and where- 
in the last-operated dimmer 701 or transmitter 40/50 
controls the output of fixture 700. Alternatively, the upper 
trim limit and lower trim limit for fixture 700 may be con- 

20 trolled from the wall dimmer 701 . 

[0088] Figure 13c shows the system of Figure 13a 
with an occupancy sensor 71 0 whbh can control the on/ 
off or high/low dim condition for fixture 700. 
[0089] As shown in Figure 13d, a photosensor 711 

25 can be coupled to the dimmer control of fixture 700 to 
control the output of fixture 700 independently of control 
40/50, and in response to ambient light conditions. 
[0090] Figure 1 3e shows the manner in which a relay 
panel 720 and its controls 721 (a remote) and 722 (a 

30 wall mounted control) can control spaced fixtures 700a, 
700b and 700c. The fixtures can be selectively grouped 
(fixtures 700a and 700b) to be selectively operable in- 
dependently of fixture 700c from the relay panel, yet 
each fixture can be selectively operable under the con- 

35 trol of the radiation transmitter 40/50. 

[0091] Figure 13f shows the system of Figure 13a with 
the superimposed control of a time clock 729. The sys- 
tem of Figure 13a can also have the overriding control 
of a mlcroWATT'^ controller made and sold by Lutron 

40 Electronics Co., Inc., as shown in Figure 13g. Thus, two 
fixtures 700a and 700b, which are operable by one or 
more identical transmitters 40/50, have a superimposed 
control of control elements 711 (a photosensor), 701 (a 
wall mounted dimmer), 722 (a timeclock control) 

45 through 730 (the microWATT unit). 

[0092] Figure 1 3h shows the fixture 700 and transmit- 
ter 40/50 with the overriding control of a Graf ik Eye (pre- 
set) made and sold by Lutron Electronics Co., Inc. 
[0093] Figure 1 4 shows a typical layout of fluorescent 

50 fixtures in a ceiling. Thus, four fixtures 150, 151, 152 
and 153, each two feet by four feet in dimension, are 
mounted on side-to-side centers of eight feet and end- 
to-end centers of fourteen feet. Each fixture is equipped 
with the system of the invention (as shown, for example, 

55 in Figures 1 to 9) and each has a wide angle lens pro- 
trusion 82. By using an infrared transmitter with an 8** 
output beam, each of the spaced fixtures can be easily 
discriminated from one another to adjustably dim each 
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fixture independently of all others. By way of example, 
assume an office has a size of thirty feet by thirty feet, 
and a ceiling height of ten feet. It can be shown that the 
transmitter, held at a height of three feet and pointed 
straight up toward the ceiling, wilt illuminate a circle 1 60 
about one foot in diameter. Thus, fixtures spaced as 
closely as two feet apart can be easily discriminated. 
Further, a person standing five feet from a wall of the 
room and holding the transmitter at a height of three feet 
can illuminate a comet-shaped area 161 at the other end 
of the room having a length of about nine feet and a 
width of about 3.6 feet. Thus, it is possible to easily dis- 
criminate any of fixtures 150 to 154 from any location in 
the room. 

[0094] Figure 1 5 is a circuit diagram of the receiver of 
Figure 1 . In Figure 15, both the microprocessor 24 and 
EEPROM 23 of Figure 1 are each contained in the inte- 
grated circuit 170 which is a type ST6260. 
[0095] Figure 15 shows the switch hot SH, dim hot 
DH, and neutral N leads together with an optocoupled 
power switch 1 71 , which is shown as a type TLP620 op- 
tocoupler containing a transistor 1 72 optically coupled 
to LEDs which are. in turn, controlled by the output of a 
zero cross-detection circuit 1 73 to be later described. A 
suitable amplifier couples the output of transistor 1 72 to 
the control power MOSFET 172a which is, In turn, con- 
nected to terminal "DH". Power switch circuit 1 71 con^e- 
sponds to the dimmer 25 in Figure 1 , and is carried by 
circuit board 63. 

[0096] The power supply circuit is also contained with- 
in the circuit of Figure 1 5, and is shown within block 21 . 
Power supply 21 produces a regulated 5 volt output at 
terminal 175 which is connected to the various 5 volt 
terminals in the circuit. The main power supply control 
device is MOSFET Q^. The control circuit is well known. 
Generally, in operation, if the voltage at output temriinal 
1 75 increases, transistor Q5 begins to turn on to adjust 
the gate drive MOSFET O^. Further, if the drain to 
source current through Q^, is too high, the drop on re- 
sistor R7 increases and begins to turn on transistor O3 
to reduce the gate drive for MOSFET O^. Note that re- 
sistors R^, R2 and R3 are pull-up resistors. Further, if the 
voltage at node 176 exceeds 70 volts, the voltage at 
node 1 77 of the voltage divider R4, R5, Rg, R9 and R^q 
turns on transistor Q4 to turn off the gate of MOSFET . 
[0097] Furthemiore, when the instantaneous voltage 
at node 178 is less than 0.6 volts, Qg of the zero-cross 
sensor 173 is turned off, infonming the microprocessor 
170 at pins 17 and 20 that a zero-cross exists. Timing 
is then provided to output an appropriately phase de- 
layed firing signal from pin 7 to the LEDs in coupler 1 71 . 
Therefore, the output wave shape at 172 will be a volt- 
age which follows the a-c wave shape for a short con- 
trolled period during each half cycle. 
[0098] Next shown In Figure 1 5 Is a conventional tim- 
ing circuit 1 80 which contains an 8 MHz ceramic reso- 
nator 181 connected to pins 14 and 15 of chip 170. 
[0099] An undervoltage detector 1 85 Is provided , con- 



taining a chip U3 and acting to ensure good turn off of 
the circuit when turn off is required. Detector 185 is con- 
nected to reset pin 16. 

[0100] Finally, there is provided the Infrared receiver 
5 circuit 22 which may include a Sharp GP1U56, IR 
preamplifier chip 190 which cooperates with lens 81, 
shown in dotted line outline in Figure 15. The output of 
IR preamplifier 22 is connected to pin 1 2 and "common" 
of chip 170. 

10 [0101] Ail other components described In Figure 15 
are interconnected as shown and the pins of chip 170 
are also connected as shown. 

[0102] The internal ROM in chip 170 is appropriately 
programmed. Figure 1 6 shows the flow chart for an ap- 

15 propriate program. 

[0103] Refening to Figure 16, the program acts first 
(in the left-hand line) to produce a power on operation 
200 and initialization operation 201 . Since the installa- 
tion may be for 50 Hz or 60 Hz use, a decision block 

20 may be employed to select either 50 Hz initialization or 
60 Hz initialization. 

[0104] After initialization, the existing status is re- 
trieved from the EEPROM in chip 1 70 (step 205). The 
timer circuit Is then started for infrared sampling (202) 

25 and the timer is started for FET driveAriac firing (203). 
The system then waits for a positive zero crossing (206) 
and, as soon as a zero-cross signal is obtained at pins 
1 7 and 20, and at block 207, the timer of the chip 1 70 is 
loaded with the desired firing time to initiate a firing sig- 

30 nal. 

[01 05] An output is then applied to decision block 209 
of whether a complete Infrared signal is present for de- 
coding. Line 21 0 is a "yes" or signal present" and causes 
the decoding of the signal at block 211 in Figure 16. If 

35 no signal is present, line 21 2 is followed to Initiate a wait 
for a negative going zero-cross at 213. 
[0106] After the negative zero cross, the circuit again 
checks whether a complete IR signal Is present for de- 
coding in block 215. If "yes", the signal is decoded in 

40 block 21 6 and control progresses onto block 21 7 where 
a decision is made as to whether the requested light lev- 
el is different from the current light level. If "yes", the 
circuit causes a controlled fade at step 220 (on the right 
of Figure 1 6) to the new decoded value which was re- 

45 quested by the hand held controller. A decision is then 
made at step 221 of whether the requested firing time 
has changed in the last second. If it has changed, it is 
recorded in the EEPROM to save the new status at block 
222. The circuit then checks for a completed IR signal 

50 at step 223 and, If present, decodes it at block 224. The 
unit then waits for the firing of the main power device at 
block 225. The circuit once again checks for a complete 
IR signal. Thereafter, the unit waits for the next positive 
zero cross at 206 on line 227. 

55 [0107] As previously described In connection with Fig- 
ure 13, additional external dimming inputs can be con- 
nected to the dimmer control circuit 20 which Is mounted 
in the lamp fixture. 
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[0108] Figure 1 7 shows the manner in which the use 
of a variable signal voltage of 0 to 10 volts (or any de- 
sired range) can be imposed on the control circuit of Fig- 
ure 15 such that the dimmer will respond to either the 
radiation transmitter 40 or 50 or the varied input voltage 
of 0 to 10 volts. The variable input voltage can be ob- 
tained, for example, from a manual dimmer, an ambient 
light sensor, an occupancy detector or the like. 
[0109] In Figure 1 7, the input signal voltage of from 0 
to 10 volts is applied between input tenninals 400 and 
401 to the input pins 1 and 5 of a standard 555 timer 
Integrated circuit 403. Appropriate biases are connected 
as shown, and output tenninal 404 is connected to input 
port 1 of microprocessor 170 in Figure 15. An input ter- 
minal 405 to the circuit of Figure 1 7 is connected to out- 
put port 2 of microprocessor 170 of Figure 15. Both of 
terminals 404 and 405 are coupled to respective pins 
on timer 403 through optocouplers 410 and 411 . 
[0110] When using the Input of Figure 17, the flow 
chart of Figure 1 6 showing the operation of microproc- 
essor 1 70 is modified as shown in Figure 1 8. Thus, In 
Figure 18, steps 200 to 216 are the same as those of 
Figure 16. Following step 216, however, the output port 
at terminal 405 in Figure 1 7 goes high (450) and the tim- 
er value is recorded at step 451 . The system then waits 
for the voltage at input port 404 to go low (452) and the 
time taken is subtracted (at 453) from the time recorded 
at 451 . A computation is then made at step 454 of the 
voltage at terminal 400, and the light level correspond- 
ing to this level is calculated at step 455. It is at block 
455 where the effect of the voltage signal is determined. 
If the voltage signal represents a high end or low end 
trim signal, the light level generated by the IR input is 
tested to see if it is lower, or higher, than the level indi- 
cated by the voltage signal level. If so, it is the level used 
in block 21 7. If not, the level set by the voltage signal is 
used in block 21 7. 

[011 1] If the input voltage signal is to act as an over- 
ride signal, block 455 will detennine which signal 
changed last. The level given by the last input to change 
will be the level used in block 217, and the system pro- 
ceeds thereafter as described for Figure 1 6. 
[0112] Figure 19 shows an external dimmer control 
circuit which can be used in place of (or along with) the 
external control circuit of Figure 17. Thus, in Figure 19, 
a remote control device (not shown) such as that used 
in the MAESTRO^^ input circuit of Lutron Electronics 
Co., Inc. has a raise contact, a lower contact and a tog- 
gle contact. The output circuit of each of these is con- 
nected to a terminal 500 which Is, in turn, coupled to 
output terminals 504 and 505 which are connected, in 
turn, to microprocessor pins 1 and 2 of microprocessor 
170 of Figure 15. 

[01 1 3] When the "raise" control is pressed, a circuit is 
closed on positive cycles. Thus, tenninals 504 and 505 
are high on positive cycles. On negative cycles, terminal 
504 is high and temriinal 505 is low. 
[01 14] When the "lower" control is pressed, there is a 
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closure on negative cycles. Thus, tenninals 504 and 505 
are high and low respectively on positive cycles, and are 
both low on negative cycles. 

[0115] The "toggle" position causes closure for sev- 
5 eral cycles. Thus, if "toggle" is pressed, tenninals 504 
and 505 are both high on positive cycles and low on neg- 
ative cycles. 

[0116] Figure 20 shows the flow chart for the system 
of Figures 15 and 19. The chart is similar to Figure 16 

10 except, after step 212, the system checks for a raise sig- 
nal (at step 51 0) and, after step 225, the system checks 
for a lower signal (at step 511). Then a decision is made 
at step 512 of whether there was a raise or lower in the 
last cycle. If so, the signals are changed to a toggle sig- 

15 nal at 513 and the new light level is calculated at 514. 
The raise, lower, and toggle Input would be interpreted 
in the same manner as the equivalent IR signal. 
[0117] A still further kind or remote input which is use- 
ful with the invention Is a phase control input, as shown 

20 in Figure 21 , which is used in the Hi-Lume® dimmer of 
Lutron Electronfcs Co., Inc. Thus, in Figure 21 , a phase 
controlled input signal is connected to terminals 600 and 
601 . This signal is coupled by optocoupler 602 to temni- 
nal 603, which is connected to input port 1 of microproc- 

25 essor 170 in Figure 15. The control circuit of Figure 21 
can be located in a wall mounted dimmer and a 1 nano- 
farad capacitor 604 provides noise immunity. The three 
resistors 605, 606 and 607 may be changed to accom- 
modate 120 volt a-c to 277 volt a-c power lines. 

30 [01 1 8] The phase controlled wave shape on the input 
signal at terminals 600 and 601 provides sharply defined 
falling and rising edges which define the input control 
signal duty cycle. 

[01 1 9] The flow diagram of Figure 1 6 is shown modi- 

35 fied in Figure 22 for the addition of the circuit of Figure 
21 . The program is different in that, after step 206 and 
step 620, the system is set to examine the duty cycle on 
the phase control input at terminals 600 and 601 in Fig- 
ure 21. Further, following step 225, a decision Is made 

40 at step 621 of whether a phase control duty cycle was 
recorded and, If so, the phase control is calculated at 
step 622 and converted to a light control signal at step 
623. The new light level would be calculated at block 
623 similarly to how it was computed in block 455 of f ig. 

45 18 for the voltage level signal. If it is a high end or low 
end trim, the IR input level is checked, and if lower or 
higher respectively than the phase control signal it used 
in block 217 on the next pass through the loop. 
[0120] If it is to be used as an oven^ide signal, block 

so 623 will decide which Input was changed last, and use 
that value in block 2 17. 

[0121] Although the present invention has been de- 
scribed in relation to particular embodiments thereof, 
many other variations and modifications and other uses 
55 will become apparent to those skilled in the art. It is pre- 
ferred, therefore, that the present invention be limited 
not by the specific disclosure herein, but only by the ap- 
pended clainis. 
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Claims 

1 . A light dimming system comprising in combination: 

a fixture housing (30) adapted for mounting in 
a ceiling; 

a dimming ballast (31) fixed within the interior 
of said fixture housing (30); 

at least one lamp (1 02) mounted on said fixture 
housing (30) and connected to said ballast (31 ); 

a radiation receiver circuit (20) comprising a ra- 
diation sensor (22); 

a ballast control circuit (31), the ballast control 
circuit operable to adjust the output of said dim- 
ming ballast to said at least one lamp in re- 
sponse to the reception of a coded radiation 
signal by said radiation sensor; 

and a portable hand-operated radiation trans- 
mitter (48; 50) for transmitting radiation toward 
said radiation sensor (22) from a position below 
said fixture housing; 

characterized in that said radiation receiver 

circuit (20) and said ballast control circuit (31) are 
fixed within the interior of said fixture housing (30) 
and that said transmitter (40, 50) is operable to 
transmit a narrow beam of radiation with selected 
codings for varying the dimming condition of said at 
least one lamp (102). 

2. The system of claim 1 , which is further character- 
ized in that said fixture housing has a wire-way cov- 
er (79), an opening (80) being fonned in said wire- 
way cover (79), said radiation receiver circuit (20) 
and said ballast control circuit (31) are fixed to an 
interior surface of said wire-way cover (79). 

3. The system of claim 1 or 2 which is further charac- 
terized by including a radiation lens (82) fixed to 
said radiation receiver (20) and disposed in said 
opening (80) and being operable to receive input 
coded radiation over a wide angle. 

4. The system of claim 1 which is further character- 
ized in that said transmitter (40, 50) is operable to 
transmit a nanrow beam of infrared radiation. 

5. The system of claim 1 which is further character- 
ized in that said nanrow beam is S"*. 

6. The system of one of the claims 1 to 5 which is fur- 
ther characterized In that said radiation receiver 
circuit (20) has a wall box insulation housing (60) 



with a plastic yoke cover (70) fixed thereto and dis- 
posed across said radiation sensor (22); said yoke 
cover (70) having an opening (71 ) therein In registry 
with said radiation sensor (22); said dimmer circuit 
5 being mounted on a circuit board (63) with said ra- 
diation sensor (22); said circuit board (63) being 
supported across the interior of said wall box hous- 
ing and generally parallel to said yoke cover (70). 

10 7. The system of claim 6 in which said opening (80) in 
said wire-way cover (79) is in communication with 
said opening (71) In said yoke (70). 

8. The system of claim 7 wherein said radiation receiv- 
es er circuit (20) and said interior surface of said fixture 
housing (30) have cooperating Velcro strips (75, 76) 
adhered thereto for fixing said receiver circuit to 
said fixture housing (30). 

20 9. The system of one of the claims 1 to 8 which is fur- 
ther characterized in including a plurality of said 
fixture housings (30), dimming ballasts (31), lamps 
(1 02-1 05) and radiation receivers (20); each of said 
fixtures being spaced from one another on a ceiling 

25 by at least 60 cm in all directions. 

10. The light dimming system of one of the clainns 1 to 
8 which is further characterized in including an ex- 
ternal switch means (300) mounted remotely of said 

30 fixture housing and connected to said ballast control 
circuit and operable to modify the output of said bal- 
last control circuit; said external switch means being 
operable to override the operation of said radiation 
transmitter (40; 50). 

35 

1 1 . The light dimming system of claim 1 0, wherein said 
external switch means is at least one device select- 
ed from the group consisting of an on-off switch, an 
occupancy sensor, a time clock and a central relay 

40 system. 

12. The light dimming system of one of the claims 1 to 
8 which is further characterized in including an ex- 
temal dimmer means (300) mounted remotely of 

45 said fixture housing and connected to said ballast 
control circuit and operable to adjust the dimming 
of said at least one lamp. 

13. The light dimming system of claim 12, wherein said 
50 external dimmer means is operable to set minimum 

light level of said at least one lamp (102). 

14. The light dimming system of claims 12 or 13 which 
is further characterized in that said ballast control 

55 circuit Is operable to adjust the dimming of said at 
least one lamp independently of said radiation 
transmitter (40; 50). 
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15. The light dimming system of claim 14 which is fur- 
ther characterized in that the output signal of said 
external dimmer means to said ballast control circuit 
is a phase controlled signal. 

16. The light dimming system of claim 14 which Is fur- 
ther characterized in that the output signal of said 
external dimmer means to said ballast control circuit 
is a variable voltage signal. 

17. The light dimming system of claim 12 which is fur- 
ther characterized in that the output signal of said 
external dimmer means to said ballast control circuit 
is a raise/lower signal. 

18. The light dimming system of one of the claims 1 to 
8 which is further characterized in that said open- 
ing is located to minimize the direct reception of ra- 
diation by said radiation sensor from said lamp. 

19. The lighting system of claim 1 comprising at least 
first and second lighting fixtures mounted in the ceil- 
ing of a room having a height of approximately 240 
cm which is characterized in that each of said 
lighting fixtures having respective dimmer circuits 
and radiation sensors whereby the output light of 
each of said first and second lighting fixtures can 
be adjusted by illuminating said radiation sensors 
with infrared radiation; said first and second lighting 
fixtures being spaced by greater than 60 cm; and a 
portable radiation transmitter having an output in- 
frared beam with a beam angle of about 8°; each of 
said radiation sensors having an angle of reception 
which is greater than about 30°, whereby the radi- 
ation sensor of either of said first or second lighting 
fixtues can be illuminated by the beam of said radi- 
ation transmitter without illuminating the other. 

20. The lighting system of claim 19 which Is further 
characterized in that said radiation sensors each 
include removable and replaceable wide angle re- 
ception lenses which have an angle of reception 
which is between 30*' and eo**. 

21 . The lighting system of one of the claims 1 to 4 char- 
acterized by including a radiation lens with lens 
protnjsion (82) protrudes through an opening in 
housing (120) to be exposed to signal illumination. 

22. The lighting system of one of the claims 1 to 4 char- 
acterized by including a radiation lens with a lens 
protaision (82) mounted into the ceiling tile (131) 
wherein )a light pipe (135) is provided between said 
radiation receiver circuit (20) and said lens. 
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PatentansprQche 

1. Lichtdimmersystem, welches in Kombination die 
folgenden Merkmale aufwelst: 

5 

ein Leuchtengehause (30), welches in einer 
Raumdecl<e montiert werden kann; 

ein Leuchtenvorschaltgerat (31), das im Inne- 
10 ren des Leuchtengehauses (30) fixiert ist; 

wenigstens eine Leuchte (102), die Im Leuch- 
tengehause (30) montiert und mit dem Vor- 
schaltgerat (31) verbunden ist; 

15 

eIne Strahlungsempfangerschaltung (20) mit 
einem Strahlungssensor (22); 

eine Steuerschaltung (31) fur das Vorschaltge- 
20 rat, welche den Ausgang des Dimmervor- 

schaltgerates wenigstens auf die erne Leuchte 
gema3 dem Empfang eines kodlerten Strah- 
lungsslgnals durch den Strahlungssensor eln- 
stellt; 

25 

und einen tragbaren, handbetatigten Strah- 
lungssender (48, 50), um eine Strahtung auf 
den Strahlungssensor (22) von einer Stelle un- 
terhalb des Leuchtengehauses zu ubertragen, 

30 

dadurch gekennzeichnet, daB die Strahlungs- 
empfangerschaltung (20) und die Steuerschaltung 
(31) fur das Vorschaltgerat tm Inneren des Leuch- 
tengehauses (30) untergebracht sind und daB der 
35 Sender (40, 50) ein schmales Band von Strahlung 
mit einer gewahlten Kodierung aussendet, um die 
Helligkeitsbedingung der wenigstens einen Leuch- 
te (102) zu verandern. 

40 2. System nach Anspruch 1 , welches welter dadurch 
gekennzeichnet ist, daB das Leuchtengehause ei- 
ne Leitungsabdeckung (79) aufweist, daB eine 6ff- 
nung (80) in der Leitungsabdeckung (79) angeord- 
net ist und daB die Strahlungsempfangerschaltung 

45 (20) und die Steuerschaltung fur das Vorschaltgerat 
(31 ) an der Innenseite der Leitungsabdeckung (79) 
angeordnet sind. 

3. System nach Anspruch 1 oder 2, welches welter da- 
so durch gekennzeichnet ist, daB eine Strahlungs- 

linse (82) am Strahlungsempfanger (20) festgelegt 
und in der Offnung (80) angeordnet ist, die den Ein- 
gang der kodlerten Strahlung uber einen brelten 
WInkel empfangt. 

55 

4. System nach Anspruch 1 , welches werter dadurch 
gekennzeichnet ist, daB der Sender (40, 50) einen 
schmaien Strahl infraroter Strahlung aussendet. 
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5. System nach Anspruch 1 , welches weiter dadurch 
gekennzeichnet ist, daB derschmale Strahl einen 

Offnungswinkel von 8 hat. 

6. System nach einem der Anspruche 1 bis 5, welches 5 
welter dadurch gekennzeichnet 1st, daB die 

Strahlungsempfangerschattung (20) ein schachtel- 
artiges Isoliergehause (60) mit einer Plastikjochab- 
deckung (70) aufweist, die daran befestigt ist und 
uber dem Strahlungssensor (22) llegt, da3 die io 
Jochabdeckung (70) eine Offnung (71 ) aufweist, die 
auf den Strahlungssensor (22) ausgerlchtet ist, daB 
die Dimmerschaltung auf einer Printplatte (63) zu- 
sammen mit dem Strahlungssensor (22) angeord- 
net ist und daB die Printplatte von der Innenseite ^5 
des schachtelartlgen Gehauses getragen wird und 
allgemein parallel zur Jochabdeckung (70) liegt. 

7. System nach Anspruch 6, bet welchem die Offnung 
(80) in der Leitungsabdeckung (79) in Verbindung 20 
mit der Offnung (71) in der Jochabdeckung (70) 
steht. 

8. System nach Anspruch 7, bei welchem die Strah- 
lungsempfangerschaltung (20) und die innere 25 
Oberflache des Leuchtengehauses (30) zusam- 
menwirkende Velcro-Klebestreifen (75, 76) auf- 
weist, die daran festgelegtsind, urn die Empfanger- 
schaltung fest mit dem Leuchtengehause (30) zu 
verbinden. 30 

9. System nach einem der Anspruche 1 bis 8, welches 
weiter dadurch gekennzeichnet ist, daB mehrere 

derartige Leuchtengehause (30), Dimmervorschalt- 
gerate (31), Leuchten (102 - 105) und Strahlungs- 35 
empfanger (20) vorgesehen sind und daB jedes 
Leuchtengehause von einem benachbarten Leuch- 
tengehause an der Raumdecke In alien Richtungen 
einen Abstand von wenigstens 60 cm aufweist. 

40 

10. Lichtdimmersystem nach einem der Anspruche 1 
bis 8, welches weiter dadurch gekennzeichnet ist, 
daB es auBere Schattmittel (300) aufweist, die ent- 
fernt vom Leuchtengehause angeordnet und an die 
Vorschaltsteuerschaltung angeschlossen sind und ^5 
bewirken, daB der Ausgang der Vorschaltsteuer- 
schaltung modifiziert wird und daB die auBeren 
Schaltmittel die Arbeitsweise des Strahlungssen- 
ders (40, 50) ubersteuem. 

50 

11. Lichtdimmersystem nach Anspruch 10, bei wel- 
chem die auBeren Schaltmittel wenigstens ein Ge- 
rat aufweisen, welches aus einer Gruppe ausge- 
wahit ist, die diefolgenden Schaltanordnungen um* 
faBt: Ein/Aus-Schalter, Anwesenheitssensor, Zeit- 55 
schalter, zentrales Relaissystem. 

12. Lichtdimmersystem nach einem der Anspruche 1 



bis 8, welches weiter dadurch gekennzeichnet ist, 

daB ein auBeres Dimmergerat (300) fern vom 
Leuchtengehause angeordnet und mit der Vor- 
schaltsteuerschaltung verbunden und In der Lage 
ist, die Helligkeit der wenigstens einen Leuchte ein- 
zustellen. 

13. Lichtdimmersystem nach Anspruch 12, bei wel- 
chem das auBere Dimmergerat in der Lage ist, ei- 
nen minimalen Lichtpegel der wenigstens einen 
Leuchte (102) einzustellen. 

14. Lichtdimmersystem nach den Anspruchen 12 oder 
13, welches weiter dadurch gekennzeichnet ist, 
daB die Vorschaltsteuerschaltung die Helligkeit der 
wenigstens einen Leuchte unabhangig von dem 
Strahlungssender (40, 50) einstellt. 

15. Lichtdimmersystem nach Anspruch 14, welches 
weiter dadurch gekennzeichnet ist, daB das Aus- 
gangssignal des auBeren Dimmergerates nach der 
Vorschaltsteuerschaltung ein phasengesteuertes 
Signal ist. 

16. Lichtdimmersystem nach Anspruch 14, welches 
weiter dadurch gekennzeichnet ist, daB das Aus- 
gangssignal des auBeren Dimmergerates nach der 
Vorschaltsteuerschaltung ein Signal veranderbarer 
Spannung ist. 

17. Lichtdimmersystem nach Anspruch 12, welches 
weiter dadurch gekennzeichnet ist, daB das Aus- 
gangssignat des auBeren Dimmergerates nach der 
Vorschaltsteuerschaltung ein ansteigendes bzw. 
abfallendes Signal ist. 

18. Lichtdimmersystem nach einem der Anspruche 1 
bis 8, welches weiter dadurch gekennzeichnet Ist, 
daB die Offnung so angeordnet ist, daB der direkte 
Empfang der Strahlung durch den Strahlungssen- 
sor von der Lampe minimal ist. 

19. Leuchtensystem nach Anspruch 1 mit wenigstens 
einer ersten und einer zweiten Leuchtenanord- 
nung, die in der Decke eines Raumes angeordnet 
sind, der eine Hohe von etwa 240 cm aufweist, wel- 
ches dadurch gekennzeichnet ist, daB jede 
Leuchte eine Dimmerschaltung und Strahlungssen- 
soren aufweist, wodurch der Lichtelngang jeder er- 
sten und zweiten Leuchte eingestellt werden kann, 
Indem die Strahl ungssensoren mit einer Infrarot- 
strahlung bestrahit werden, daB die erste und zwei- 
te Leuchte um mehr als 60 cm voneinander entfemt 
sind und daB ein tragbarer Strahlungssensor vor- 
gesehen ist, der einen Infrarotausgang mit einem 
Strahlwinkel von etwa 8 ° aufweist und daB jeder 
Strahlungssensor einen Empfangswinkel besitzt, 
der groBer als etwa 30 ist. so daB der Strahlungs- 
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sensor entweder der ersten Leuchte Oder der zwei- 
ten Leuchte durch den Strahl des Strahlungssen- 
sors beleuchtet werden kann, ohne den anderen 
Strahlungssensorzu treffen. 

20. Leuchtensystem nach Anspruch 19, welches welter 
dadurch gekennzeichnet ist, daB die Strahlungs- 
sensoren jeweils entfembare und auswechselbare 
Weitwinkel-Empfangslinsen aufweisen, die einen 
Empfangswinkel zwischen 30 ** und 60 haben. 

21. Leuchtensystem nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB eine Strahtungslin- 
se mit einem LInsenfortsatz (82) vorgesehen Ist, der 
durch elne Offnung im Gehause (120) vorsteht, urn 
der Signalbeleuchtung ausgesetzt zu werden. 

22. Leuchtensystem nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB elne Strahlungslin- 
se mit einem LInsenfortsatz (82) in die Raumdecke 
(131) eingebaut ist, wobei ein Lichtlelter (135) zwi- 
schen der Strahlungsempfangerschaltung (20) und 
der Linse vorgesehen ist. 



Revendications 

1. Systeme de gradation de lumiere comprenant en 
combinaison : 

un boTtier de fixation (30) adapte pour un mon- 
tage dans un plafond ; 

un ballast de gradation (31 ) fixe a I'interieur du- 
dit boTtier de fixation (30) ; 
au molns une lampe (1 02) montee sur ledit boT- 
tier de fixation (30) et connect^e au dit ballast 
(31): 

un circuit r6cepteur de rayonnement (20) com- 
prenant un capteur de rayonnement (22) ; 
un circuit de commando de ballast (31), le cir- 
cuit de commande de ballast etant operable 
pour ajuster la sortie dudit ballast de gradation 
vers ladite au molns une lampe, en reponse a 
la reception d'un signal de rayonnement cod6 
par ledit capteur de rayonnement ; 
et un dmetteur de rayonnement portable ^ com- 
mande manuelle (48, 50) pour Iransmettre le 
rayonnement vers ledit capteur de rayonne- 
ment (22) k partir d'une position en dessous du- 
dit boTtter de fixation ; 

caracterise en ce que le circuit recepteur de 
rayonnement (20) et le circuit de commande de bal- 
last (31) sent fixes k I'interieur dudit boTtier de fixa- 
tion (30) et en ceque ledit transmetleur (40, 50) est 
operable pour transmettre un faisceau etrolt de 
rayonnement avec des codages s6lectionn^s pour 
varier I'etat de gradation de I'lntensitS lumineuse de 



ladite au moins une lampe (102). 

2. Systeme selon la revendication 1 , caracterise en 
outre en ce que ledit boTtier de fixation dispose d'un 

5 capot de passage de cable (79), d'une ouverture 
(80) 6tant fomn^e dans ledit capot de passage de 
cable (79), ledit circuit de reception de rayonnement 
(20) et ledit circuit de commande de ballast (31) 
etant fixes sur la surface interieure dudit capot de 

10 passage de cSble (79. 

3. Systeme selon la revendication 1 ou 2, 
caracterise en outre en ce qu'ii integre une lentllle 
de rayonnement (82) fixee au dit recepteur de 

15 rayonnement (20) et disposee dans ladite ouverture 
(80) et etant operable pour recevoir un rayonne- 
ment cod6 d'entree sur un angle important. 

4. Systeme selon la revendication 1 , en outre carac- 
20 terise en ce que ledit transmetteur (40, 50) est ope- 
rable pour transmettre un faisceau 6troit de rayon- 
nement infrarouge. 

5. Systeme selon la revendication 1 , en outre carac- 
25 terise en ce que ledit faisceau ^troit a un angle 

d'ouverture de 8**. 

6. Systeme selon Tune des revendications 1 a 5, en 
outre caracterise en ce que ledit circuit de r6cep- 

30 tion de rayonnement (20) possede un boTtier d'iso- 
latlon de boTte murale (60) muni d'un couvercle de 
culasse (70) y etant fixe et dispose d'un cote a 
I'autre dudit capteur de rayonnement (22) ; ledit 
couvercle de culasse (70) possedant une ouverture 

35 (71) en regard dudit capteur de rayonnement (22) ; 
ledit circuit de gradation etant monte sur une carte 
de circuit imprime (63) avec ledit capteur de rayon- 
nement (22) ; ladite carte de circuit imprim^ (63) 
etant supportee de part et d'autre de I'interieur dudit 

40 boTtier mural et gen6ralement plac^e en parallele 
au dit couvercle de culasse (70). 

7. Systeme selon la revendication 6, dans lequet ladite 
ouverture (80) dans ledit capot de passage de cSble 

45 (79) est en communication avec ladite ouverture 
(71) dans ladite culasse (70). 

8. Systeme selon la revendication 7, dans lequet ledit 
circuit de reception de rayonnement (20) et ladite 

50 surface interieure dudit boTtier de fixation (30) sont 
munis de bandes Velcro concourantes (75, 76) y 
adherant pour fixer ledit circuit de reception au dit 
boTtier de fixation (30). 

55 9. Systfeme selon Tune des revendications 1 8, en 
outre caracterise en ce qu'ii comprend une plura- 
lity desdtts boTtiers de fixation (30), desdits ballasts 
de gradation (31), desdites lampes (102-105) et 
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desdits rdcepteurs de rayonnement (20) ; chacune 
desdites fixations 6tant espac6e I'une de I'autre sur 
un plafond d'au moins 60 cm dans toutes les direc- 
tions. 

10. Le systfeme de gradation de lumlfere selon Tune des 
revendications 1 a 8, en outre caracterise en ce 
qu'il comprend un interrupteur externe (300) monte 
a distance dudit bottler de fixation et connecle au 
dit circuit de commande de ballast et operable pour 
modifier la sortie dudit circuit de commande de 
ballast ; ledit interrupteur externe 6tant operable 
pour se substituer au fonctionnement dudit trans- 
metteur de rayonnement (40, 50). 

11. Systeme de gradation de lumi&re seton la revendi- 

cation 10, dans lequel ledit interrupteur externe est 
au moins un dispositif selectionne du groupe con- 
sistant en un inten-upteur marche-arret, un capteur 
de presence, un horodateur et un systeme de relais 
central. 

12. Systdme de gradation de luml^re seton Tune des 
revendications 1 a 8, en outre caracterise en ce 
qu'il comprend un dispositif de gradation externe 
(300) monte k distance dudit boTtier de fixation et 
connects au dit circuit de commande de ballast et 
operable pour ajuster la gradation d'au moins une 
desdites lampes. 

13. Systeme de gradation de tumiere selon la revendi- 
cation 1 2, dans lequel ledit dispositif de gradation 
externe est operable pour d^finir une intensity lu- 
mineuse minimale d'au moins une desdites lampes 
(102). 

14. Systeme de gradation de lumiere selon la revendi- 
catlon 1 2 ou 13, en outre caracterise en ce que le 

circuit de commande de ballast est operable pour 
ajuster la variation de lumiere d'au moins une des- 
dites lampes independamment dudit transmetteur 
de rayonnement (40, 50), 

15. Systeme de gradation de lumiere selon la revendl- 
cation 14, en outre caracterise en ce que le signal 
de sortie dudit dispositif de gradation externe trans- 
mis au dit circuit de commande de ballast est un 
signal k phase contrdl^e. 

16. Systeme de gradation de lumiere selon )a revendl- 
cation 14, en outre caracterise en ce que le signal 
de sortie dudit dispositif de gradation externe trans- 
mis au dit circuit de commande de ballast est un 
signal a tension variable. 

17. Systeme de gradation de lumiere selon la revendi- 
cation 12, en outre caracterise en ce que te signal 
de sortie dudit dispositif de gradation externe trans- 
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mis au dit circuit de commande de ballast est un 
signal d'augmentation/de reduction. 

18. Systdme de gradation de lumiere selon I'une des 
5 revendications 1 a 8, en outre caracterise en ce 
que ladite ouverture est positionn^e pour minimlser 
la reception directe de rayonnement par ledit cap- 
teur de rayonnement depuis ladite lampe. 

10 19. Systeme de gradation de lumiere selon la revendi- 
catlon 1 comprenant au moins un premier et un se- 
cond luminaires months dans le plafond d'une pidce 
ayant une hauteur d'environ 240 cm, qui est carac- 
terise en cequechacun desdits luminaires posse- 

15 de des circuits de gradation et des capteurs de 
rayonnement respectifs, moyennant quel la lumiere 
emise de chacun desdits premier et second lumi- 
naires peut etre ajustee en eclairant lesdits cap- 
teurs de rayonnement avec un rayonnement 

20 infrarouge ; lesdits premier et second luminaires 
dtant espaces d'une distance sup^rieure k 60 cm, 
et un transmetteur de rayonnement portable ayant 
un faisceau Infrarouge emis d'un angle d'ouverture 
d'environ S", chacun desdits capteurs de rayonne- 

25 ment ayant un angle de reception sup6rleur a envi- 
ron 30°, moyennant quoi le capteur de rayonne- 
ment de run desdits premier ou second luminaires 
peut §tre 6clair6 par le faisceau dudit transmetteur 
de rayonnement sans 6clairer I'autre capteur. 

30 

20. Systeme d'eclalrage selon ta revendication 19, en 
outre caracterise en ce que lesdits capteurs de 
rayonnement comprennent chacun des lentilles de 
reception de grand angle remplagables et amovi- 

35 bles qui ont un angle de reception compris entre 30* 
et 60°. 

21 . Systdme d'^lalrage selon I'une des revendications 
1 a 4, caracterise en ce qu'il comprend une lentille 

40 de rayonnement avec une protrusion (82) faisant 
saillie k travers une ouverture du boTtier (120) afin 
d'etre expos^e au rayonnement du signal. 

22. Syst6me d'6clalrage selon I'une des revendications 
45 1 a 4, caracterise en ce qu'il comprend une lentille 

de rayonnement avec une protrusion (82) mont6e 
dans la dalle du plafond (1 31 ) et dans lequel un con- 
duit de lumiere (135) est plac6 entre ledit circuit de 
reception de rayonnement (20) et ladite lentille. 

50 
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